Adipose derived stem cells are a type of mesenchymal stem cell that, because of their straightforward isolation procedure and ready availability, have been intensively studied in the recent years regarding their possible clinical applications. Additionally, ADSCs have the ability to differentiate into tri-germ lineages, as well as exhibit paracrine activity. Their capacity to differentiate into many different cell lineages such as osteocytes, adipocytes, neural cells, vascular endothelial cells, cardiomyocytes, pancreatic cells, and hepatocytes, has granted them a significant place in consideration for tissue engineering and for their application in regenerative medicine. Moreover, their endocrine activity has a great impact upon therapies as it grants immunosuppressive properties and low immunogenicity.
Introduction
The ability of stem cells to differentiate towards different cell lineages and constantly self-renewmakes them a promising tool in cell-based therapies such as tissue engineering and regenerative medicine [1] . The potential clinical application of stem cells remains highly significant and still not reduced to practice. Adipose derived stem cells (ADSCs) were firstly characterized in 2001, with first description of the adipose tissue as an effective source of mesenchymal progenitors.
ADSCs have similar characteristics as mesenchymal stem cells isolated from the bone marrow. Both have the ability to differentiate into adipogenic, osteogenic, chondrogenic and myogenic lineages. There are numerous benefits of obtaining stem cells from fat tissue, as compared with bone marrow. Firstly, stem cell isolation from the bone marrow is a very invasive and painful procedure, requiring the use of anaesthesia and yielding low numbers of viable cells upon processing [2] . Bone marrow-derived stem cells generally exhibitsignificant blood contamination, which leads to a proportional smaller number of stem cells. It has also beenobserved that large amounts of stem cells can be obtained from large quantities of fat tissue extracted both by aspiration and excision [3] .
ADSCs can be obtained by both liposuction and excision of adipose tissue, which is often discarded aftersurgery, with the former method described as the better method of their preparation for storage. In fact, liposuction sample analysis does not show a significant loss of preadipocytes which shows it does not significantly damage the stroma [4] . Hence, a large number of ADSCs can be harvested from adipose tissue and do not need to be expanded and to proliferate in vitro, which translates to obtaining cells that provide more predictable results [5] . ADSC advantages over bone marrow stem cells, which, despite exhibiting similar differentiation potential, showed less in vitro proliferation capacity and proliferative senescence [6] .
Isolation of SVF
The stromal vascular fraction (SVF) includes a variety of cell lineages, such as: mesenchymal stem cells, endothelial precursor cells and endothelial cells, T regulatory cells, macrophages, smooth muscle cells, as well as pericytes and preadipocytes. For this reason, the SVF is the source of primary adipocytes [7, 8] . The SVF can be isolated from the adipose tissue through different techniques, such as enzymatic digestion.
Two fractions can be obtained from the adipose tissue isolate based upon cell density. The separation can be enhanced by density-based centrifugation employing compounds such as Percoll, gravity-based phase separation, and filtration that leaves mature adipocyte on the surface and the aqueous fraction at the bottom [9] . Filtration will be more precise as it can specifically isolate cells based on size, while centrifugation will pellet all the cells [10] . The aqueous fraction is where the SVF is found, which is the source of ADSCs [9] . There are two hurdles ofconventional isolation. Firstly, conventional isolation not only requires the infrastructure and equipment that are not available to every healthcare facility, but also, because of the presence of collagenase in the product, which is required to process the crude samples, may provide a regulatory hurdle [11, 9] . A non-enzymatic methods of SVF isolation, may be mechanical agitation, which bases on breaking down the adipose tissue allowing the release stromal cells. Following washing and shaking of the lipoaspirate, centrifugation is the next important step, required in both methods for concentration of stem cells. The agitation isolation technique reduces the regulatory burden compared to collagenase-based isolation, but it also prevents contamination when the cells are immediately administrated to a patient [12] . However, ADSCs isolated using agitation remain tightly bound by collagen-based extracellular matrix, resulting in a poor cell yield is much lower compared to conventional collagenase isolation [12, 13] . Through adherence to cell culture dishes, ADSCs can be isolated and secondly expanded in vitro [1] . ADSCs can be preserved in a media of foetal bovine serum and dimethyl sulfoxide and, contrary to other MSCs, they do not lose their ability to differentiate and proliferate [2] .
Fat grafting and tumorigenesis
Fat grafting is a common procedure which can be harnessed in breast reconstruction, both after cancer treatment and for breast augmentation, in the treatment of burn scars and post-traumatic malformations, rejuvenation, as well as treatment of other conditions [3] . ADSC have been widely used in fat grafting enrichment or augmentation of various soft tissue defects.
Regarding breast augmentation, autologous fat grafting has been preferred over other techniques for many reasons, such as its low cost, availability and low rates of allergenicity and immunogenicity [4] . Moreover, another application of fat graft enrichment that showed promising clinicalresults is in patients with craniofacial microsomia [5] .
However, fat grafting has been observed to show high risks of reabsorption, which can vary from 25% to 80% [3] , necrosis, leading to low survival chances and low volume of maintenance [6] . Multiple studies have come in support of the idea that addition of ADSCs promotes graft retention and development of new vasculature [4] . The efficacy of ADSC enrichment is attributed to the expression of different paracrine and growth factors, such as VEGF and HGF, which promote angiogenesis, and IGF-1, which is an antiapoptotic factor and promotes cells differ-entiation [4] . Moreover, the cooperation of ADSCs with other factors can provide further benefits. In fact, vascular endothelial growth factor-transduced ADSCs showed high capillary density, improving neovascularization [7] . ADSCs are effective not only in cosmetic breast augmentation [8] , where their use proved to be highly effective in a study involving 40 patients, but can also be harnessed in breast reconstruction following breast resection [9] . Despite its significant advantages in the field of tissue augmentation, ADSC graft enrichment needs to be used carefully after breast cancer as it may increase the proliferation and metastasis of tumour cells [10, 11] . Furthermore, SVF enrichment employed in breast augmentation was observed to be more efficient in cases following mastectomy rather than in cosmetic corrections [12] . Additionally, studies showed that ADSCs have an effect on active, but not on resting cancer cells making it important on a precautionary basis, to perform a reconstructive therapy with ASC-augmented fat only after complete establishment of cancer remission [13, 14] . Novel methods of injection of adipose tissue for soft tissue augmentation are being studied to enhance the survival potential of ADSCs, e.g. cell assisted lipo-transfer (CAL) [15] . Few studies came in support of the benefits of CAL, which combines SVF isolated from one half of a lipoaspirate with other half of lipoaspirate not only in breast enhancement but also in people with facial microsomia [15] . Other studies support the efficacy of CAL [16, 17] but Peltonemi et al. failed to demonstrate a beneficial effect of fat graft enrichment consistent with the loss of regenerative potential of ADSCs following long enzymatic digestions [18] .
Bone regeneration
In normal circumstances, bone tissue has the ability to self-renew and to generate new vascular tissue. In certain conditions, such as trauma, poor bone formation or the removal of cancer tissue, bone cells lack regenerativecapacity. Many techniques to enhance bone repair already exists, but other than being expensive and having a risk of morbidity at donor site [19] or risk of rejection [20] ; they all lack progenitor osteogenic stem cells. The osteogenic potential of ADSCs has opened new prospects and horizons, with multiple studies showing the success involved in bone tissue engineering techniques and bone regeneration. The beneficial effects of the use of ADSC in bone regeneration are not only seen in bone tissue augmentation, but also in their ability to upregulate the release of growth factors and cytokines that provide anti-inflammatory and angiogenic properties [21] . Moreover, oppositely to MSCs, ADSC differentiation into bone tissue upon isolation needs induction, which can be directed by different stimuli, such as a specific culture media, the use of growth factors, and mechanical factors [22] . Different cases of bone regeneration showed positive results following treatment with ADSCs. In a study of the treatment of tibial defects in rabbits, the subjects were treated with hydroxyapatiteautologous ADSC constructssuggesting that bone reparation was promoted by the recruitment of resident progenitor cells [23] . Moreover, ADSCs were directly injected into the location of a bone defect in order to regenerate a 10-mm-diameter fault in the pig mandibula. After surgery, an acceleration in the bone healing process was observed after only two weeks,with the defect was almost entirely recoveredafter four weeks [24] . The ability of ADSCs to help bone formation and regeneration was also observed in human cases. A large mandibular resection was replaced with a scaffold of recombinant human bone morphogenetic protein-2 (BMP-2) and ADSCs. This technique allowed rehabilitation and guaranteed a successful dental implant [25] . Furthermore, the use of BMP-2 was proven to be able to induce VSF to generate ectopic bone tissue [26] .
Another important application of the ability of ADSC to induce osteogenesis is cranioplasty. In the treatment of four patients with different types of cranial defects, a combination of beta-tricalcium phosphate and autologous adipose-derived stem cells showed positiveresults. Ossification revealed a positive outcome while showing no side effects [27] . Moreover, the treatment of a calvarial defect upon trauma in a girl with a combination of ADSCs and iliac crest resulted in new bone development and calvarial continuity [28] .
The interest in the potentiality of ADSC in orthopaedic procedure is presently being investigated. The safety and feasibility of ADSC application provides a promising solution to invasive and risky procedures.
Cardiovascular application
Different studies have investigated the potential of ADSCs in cardiovascular and myocardial tissue engineering. Heart infarction upon ischemic heart disease is one of the major conditions causing hospitalization and death of patients in the world. The only existing way of recovering from ischemic heart disease is transplantation, which is an invasive and risky procedure. ADSCs provide a potential therapy for ischemic heart disease because they have the ability to differentiate into cardiomyocytes, to maintain the presence of existing cardiovascular cells by the release of antiapoptotic factors. Although the paracrine effects of ADSCs are greater than the ones involved in tissue regeneration, ADSCs can stimulate angiogenesis. Multiple studies proved the positive efficacy of ADSCs application in the treatment of post myocardial infarction. In a study, during the recovery of pigs upon myocardial infarction, the animals were intracoronarily administrated with AD-SCs. In the following four weeks, it was possible to observe improvements in the remodelling and functions of the heart [29, 30] .
The main focus in the treatment of a post ischemic injury is neovascularization, which is promoted by two major processes: vasculo-genesis and angiogenesis [31] . Neovascularization can be enhanced by ADSCs. The differentiation of ADSCs into epithelial cells and smooth muscle cells leads to an increased vascularization of the area, preventing the risk of apoptosis of the cardiomyocytes [32] . The increased rate of survival of the cells is also induced by the ability of ADSCsto release paracrine factors, such as vascular endothelial growth factor (VEGF) [33] . VEGF can also activate cardiac stem cells to increase cardio-myogenesis. In fact, ADSCs release multiple angiogenic and antiapoptotic factors such asVEGF and hepatocyte growth factor (HGF) [29] .
Moreover, studies have proved that rabbit AD-SCs can differentiate into cardiomyocytes in vitro when treated with 5-azacytidine (5-aza), a DNA methyltransferase inhibitor, which was not effective in humans [34] . Cardiomyogenic differentiation in human ADSC was obtained with the co-culture of ADSC with rat cardiomyocytes, which resulted in formation of gap junctions and promotion of Ca2+ oscillations from the sarcoplasmic reticulum [30] .
Moreover, compared to stem cells obtained from other adipose tissue, ADSCs isolated specifically from cardiac fat tissue in anin vitromodel of mouse myocardial infarction showed greater differentiation potential. These cells had a high density of markers for endothelial, vascular smooth muscle cells and cardiomyocytes and showed greater potential for the use in infarction recovery [35] . Moreover, the proliferation of ADSCs in vivo and their expression of cardiac cells markers can be increased by supplementing these cells with factors usually released by cardiomyocytes such as sarcomeric α-actinin, desmin, and cardiac troponin I [36] .
Upon studies that proved the cardiomyogenic potential of ADSC, Savi et al. observed how local injection of stem cells in patients that suffered from myocardial infarction, along with microspheres that constantly release HGF and insulin-like growth factors (IGF-1), resulted in a greater growth in the damaged area compared to any other growth factor [37] .
Finally, it was suggested that the ability of ADSC to generate extracellular matrix could be used for tissue engineered heart valves (TEHVs). When cultivated and seeded with endothelial cells derived from ADSC, heart valves showed a cell distribution that was endothelialized and composed of glycosaminoglycans and collagen [38] . Along with the production of collagen and elastin, their ability to respond biophysical and biochemical stimuli increases their amazing potential for cardiovascular tissue engineering [39] .
Immune mediated diseases
ADSCs have been proposed asa possible solution for the treatment of immune disorders such as Crohn's disease, rheumatoid arthritis and graftversus-host disease. The adaptive immune system relies on the recognition of foreign or non-foreign antigens to prevent the organism from undergoing infection. At times this biological network is flawed and is subjected to impairment in self-tolerance. In the case of rheumatoid arthritis, a decrease in self-tolerance leads to an autoimmunity to components of the joints rich in collagen, activating autoreactive T cells and leading to bone destruction [40] . Gonzalez-Rey et al. showed that ADSCs have immunosuppressant properties, regulating immune tolerance and limiting the action of T cells. Moreover, when administered to patients, ADSCs lowered the response in proliferation and the release of cytokines [41] . For instance, the treatment of collagen-induced arthritis mice models with ADSCs not only helped modulating the immune response, but also showed a diminished bone loss, and an increase in osteoclastogenesis and the number of osteoclast precursors [42, 43] . A further study suggested that the intralymphatic administration of ADSCs is a very effective treatment for arthritis. Intralymphatic administration could be a prospective highly effective way of administration for treatments of other auto-immune diseases [44] .
Although different studies have shown the capability of ADSCs in the treatment diseases such as Crohn's disease and graft-versus-host disease (GVHD), much more research needs to be done to develop a proper method. Crohn's disease is a chronic bowel disease caused by a loss in self-tolerance to mucosal antigens, which leads to a greater production of cytokines and chemokines, causing tissue damage [45] . A study showed that the injection of human ADSCs in mice at the onset of the induced bowel disease improved clinical and histopathologic gravity of the disease. Although the mechanism through which they act was not established nor well understood, it was observed that hADSC diminished the inflammatory response. hADSC down-regulated the release of mediators and increased the production of IL-2 [46] . Regarding the treatment of patients with perianal fistula affected by Crohn's disease a study showed positive results [47] .
Furthermore, Fang et al. carried a study on patients with acute steroid refractory GVHD and the use of ADSCs seemed promising. However, the low number of patients only shows positive effects and the need of future research but cannot ensure the clinical efficiency [48] .
Another study proved how ADSCs transplant, both allogenic and syngeneic, in mice models with induced autoimmune thyroiditis showed improved therapeutic effects. The amount of antithyroglobulin autoantibodies and the inflammatory response were decreased, with the T helper cells balance re-established [49] .
Future applications
The variety of ADSCapplications in human medicine keeps expanding, with multiple ongoing parallel clinical trials creating new treatement opportunities. The numerous recent discoveries and developments involving ADSCs are nowadays leading to solutions for therapies closer to medical standards.
The technological development of therapies involving ADSCs requires a better understanding of their biology and pathways of action. This continuous endeavour of clarifying their mechanism will allow therapies to act on specific targets and may permit control of ADSCdifferentiation. Currently, there are few technologies that direct the differentiation of ADSCs towards the development of the tissue of interest, such different cultivation methods, genetic manipulation, epigenetic control and the use of different scaffolds [50, 51] . 3D cultured and spheroid forming MSCs have, in fact, showed great advantages in many therapies of animal disease models, promoting differentiation and release of trophic factors [52] . Moreover, the manipulation of the epigenetics of AD-SCs may be done before or after they have been administered to a patient, with its advantages needing further consideration. While epigenetic modulation may be harnessed to treat some diseases, it could also result in harming the patient, making patients' safety the potentialfocus offuture research [50] .
There remains a wide range ofADSC applications, and potential therapies have given new hopes for yet untreatable conditions, or those curable with very invasive surgeries, or requiring constant care. For example, in paediatric brainstem glioma, an inoperable brain tumour, and a study suggested the ability of ADSCs as a great tool for cell-based gene therapy [53] . Another study noted the success of ADSCs gene therapy in the case of X-linked retinoschisis. ADSC were genetically modified to secrete extracellular cell adhesion protein missing when in patients affected by the disease. The delivery of the protein through ADSCs restored the insufficiencies [54] .
Furthermore, the application of ADSCs can be extensive not only in the medical field. Some studies have provided proof that adult stem cells may be a successful source for somatic cell cloning which may ultimately lead to an improvement of livestock meat quality through the production of transgenic animals. Due to their great adaptability, the possibility of harnessing ADSC even in this field would need further research [55] .
Finally, ADSCs may be used as a diagnostic tool. Upon isolation ADSC may be observed for heterogenicity in patients and a database for future healthcare could be organized based on age, weight, background, ethnicity or lifestyle [52] .
Conclusions
Adipose tissue has been subject of various studies involving many different fields and it is believed to be a useful source of stem cells due to its great availability and relatively easy isolation compared to bone marrow derived stem cells [2] . ADSCs have the ability to differentiate towards different cell lineages, such as osteocytes, adipocytes, neural cells, vascular endothelial cells, cardiomyocytes, pancreatic cells, and hepatocytes, with possibility of directing this differentiation increasing the chances of ADSC clinical applications. ADSCs have been widely used in therapies which involved the necessity of tissue augmentation, such as fat grafting. Moreover, multiple applications have been observed in bone regeneration therapies. The positive results were obtained not only due to the ability of ADSCs to differentiate into osteocytes, but also because of their paracrine activity. In fact, their paracrine activity was proven to have positive effects on the treatment of some cardiovascular pathologies and diseases affecting the immune system.
Because of recent studies and discoveries on AD-SCs, new perspectives of their application are constantly found. However, much further research is needed to allow to use all of the advantages of these cells and fully understand the potential of ADSCs.
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